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Abstract
With the achievement of high coverage for routine immunization and supplementary immunization activities (SIAs), measles incidence in
mainland China reached its lowest level in 2010. The proportion of measles cases in the vaccination-targeted population decreased during
2007–2010 after the SIAs. More than 60% of measles cases were in adults or infants, especially in the coastal and eastern provinces during
2009 and 2010. A total 567 isolates of measles virus were obtained from clinical specimens from 27 of 31 provinces in mainland China during
2009 and 2010. Except for two vaccine-associated cases, one genotype D4 strain, two genotype D9 strains, and four genotype D11 strains,
the other 558 strains were genotype H1 cluster H1a. Genotype H1 has been the only endemic genotype detected in China since
surveillance began in 1993. Only genotype H1 was found in mainland China during 1993–2008, except for one detection of genotype H2.
More recently, multiple genotypes of imported measles were detected even with the background of endemic genetotype H1 viruses.
Analysis of the 450-nucleotide sequencing window of the measles virus N gene showed that the overall genetic diversity of the recent
geneotype H1 strains decreased between 2008 and 2010. The lower genetic diversity of H1 strains suggested that enhanced vaccination
may have reduced the co-circulating lineages of endemic genotype H1 strains in mainland China.
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Introduction
Measles virus is a single-stranded, negative-sense RNA virus in
the family Paramyxoviridae and genus Morbillivirus, and causes
acute and highly contagious infectious disease in humans [1,2].
Despite the availability of an effective vaccine, measles is still the
leading cause of vaccine-preventable death worldwide, killing
nearly 139 300 persons in 2010 [3,4]. There were still 344 276
measles cases reported globally in 2011 (http://www.who.int/
immunization_monitoring/diseases/measles/en/index.html).
In China, measles remains a major public health concern,
because of frequent outbreaks, although vaccines have been
widely used since the 1960s. In 2005, the WHO Regional
Committee of the Western Paciﬁc Region (WPR) adopted
regional measles elimination targets [5]. The Chinese govern-
ment has been making great efforts to achieve this goal, by
expanding routine immunization, and conducting large-scale
supplementary immunization activities (SIAs). Province-speciﬁc
SIAs were conducted in 27 provinces during 2004–2009, on
the basis of analysis of measles incidence and susceptible
populations. A total of 185.7 million children and adolescents
were vaccinated during the province-speciﬁc SIAs. Following
the province-speciﬁc SIAs, a nationwide SIA was launched, and
>100 million children throughout China were immunized
within 10 days in September 2010.
Measles virus is serologically monotypic, but sequence
analysis of the 450 nucleotides coding for the N-terminal 150
amino acids of the nucleoprotein (N-450) and haemaggluti-
nin-coding region revealed that distinct genetic variants of
wild-type measles virus exist [6]. TheWHO currently identiﬁes
24 genotypes (A, B1–B3, C1, C2, D1–D11, E, F, G1–G3, H1,
and H2) of measles virus that had been or are currently
circulating in different regions [7,8]. Genotype H1 strains have
been the predominant endemic viruses circulating in China
since virological surveillance was initiated in 1993 [8–12]. The
genotype H1 sequences have been divided into two clusters on
the basis of phylogenetic analysis of the 450 nucleotides coding
for the C-terminal of the nucleoprotein (N-450) [11,12].
Cluster H1a viruses have been the most frequently detected
strains since 2000, and cluster H1b viruses were not detected
after 2005 [8,9,12].
In this study, we describe the substantial progress towards
measles elimination in China based on the analysis of the
epidemiology of measles during 2009 and 2010. Multiple
genotypes of measles virus were associated with imported
cases, and these were detected despite widespread endemic
circulation of genotype H1. The transmission patterns of
endemic genotype H1 strains and the impact of SIAs were
analysed.
Materials and Methods
Measles epidemiological data source
The number of all laboratory-conﬁrmed and clinically diag-
nosed measles cases and the annual measles incidence rates
were taken directly from reports of the National Notiﬁable
Disease Reporting System (NNDRS), which has been in place
since the 1950s [13]. The NNDRS has been upgraded to allow
hospitals or local CDCs to directly report all suspected
measles cases immediately at the national level through a
web-based real-time reporting system since 2004 [12].
In addition to the NNDRS, as part of the 1997 plan for
accelerated measles control, the China Ministry of Health
(MOH) developed national measles surveillance guidelines and
progressively established a case-based Measles Surveillance
System (MSS) throughout the country. The measles laboratory
network has been established to support case-based measles
surveillance since 2001, and it is composed of one national
laboratory, 32 provincial laboratories, and 339 prefecture
laboratories. The national measles laboratory was initially
accredited as the WHO WPR reference laboratory in 2003.
According to the Chinese MOH National Measles Surveillance
Plan, all of the results obtained by the network laboratories
need to be reported to the MSS, including IgM serology and
virus testing. In 2009, China CDC combined the MSS with the
NNDRS to form a single comprehensive measles surveillance
information system.
We calculated and analysed reported measles incidence and
mortality on the basis of data from the NNDRS, using
denominator values from the National Bureau of Statistics. We
also used data from the MSS to analyse the proportion of
laboratory-conﬁrmed cases. According to the China MOH
National Measles Surveillance Plan, a measles outbreak was
deﬁned as two or more laboratory-conﬁrmed cases occurring
in the same village, township, town, street, community, school
or kindergarten within 10 days [14].
Clinical specimens and virus isolation
Throat swab or urine specimens were collected from
suspected sporadic or outbreak measles cases, who were
deﬁned as patients with acute, febrile maculopapular rash and
one of cough, conjunctivitis, and coryza [14]. The samples
were collected between 2009 and 2010 in 27 provinces
(Anhui, Beijing, Chongqing, Gansu, Guizhou, Hainan, Hebei,
Henan, Heilongjiang, Hubei, Hunan, Jiangsu, Jiangxi, Liaoning,
Inner Mongolia, Ningxia, Qinghai, Sichuan, Shandong, Shanghai,
Shanxi, Tianjin, Yunnan, Zhejiang, Fujian, Guangdong, and Jilin),
which covered the east, central and western regions of China.
All clinical samples were collected and virus isolation was
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performed according to the same protocol as previously
described [12,15,16].
RT-PCR, sequencing, and phylogenetic analysis
RNA was extracted from 250 lL of infected cells with the
QIAamp viral RNA extraction mini kit (Qiagen, Valencia, CA,
USA), according to the manufacturer’s instructions. For all
virus isolates, RT-PCR ampliﬁcation and sequence determina-
tion were performed according to the same protocol as
previously described [12,17]. Phylogenetic analyses were
performed with the same software as previously described
[12,18]. The reliability of the tree was estimated with 1000
bootstrap pseudoreplicates, and bootstrap values of >80%
were considered to be statistically signiﬁcant for grouping.
Nucleotide sequence accession numbers
One hundred and thirty-eight nucleotide sequences, repre-
sentative of the 567 Chinese strains of 2009 and 2010 isolated
in this study, were deposited in the GenBank database under
the accession numbers KC968257–KC968469.
Results
Progress towards measles elimination in China
According to the nationwide surveillance data from the
NNDRS, the incidence of measles (cases/100 000 population)
in the entire country reached a historically low level in 2010.
The average annual reported incidence was 8.95/100 000
(116 729 cases), ranging between 7.7/100 000 (100 267 cases
in 2006) and 10.1/100 000 (132 602 cases in 2008), during
2005–2008. With the achievement of high coverage for routine
immunization and the initiation of SIAs, measles incidence
dropped to 4–2.88/100 000 population, with 52 854 and
38 448 reported cases in 2009 and 2010, respectively. This
represented a 67.8–55.3% decrease as compared with 2005–
2008 (Fig. 1a). It is noteworthy that the proportion of
laboratory-conﬁrmed cases increased from 37.23% in 2007 to
70% in 2010. Suspected measles cases were diagnosed by the
detection of measles-speciﬁc IgM. The proportion of sporadic
cases detected in the blood specimens ranged from 55.4% to
76.6% in the period between 2005–2010. More than 90% of
measles cases were conﬁrmed by IgM testing. This report was
possible because China has a high-quality surveillance system
consisting of epidemiological investigation and laboratory
conﬁrmation of suspected measles cases.
Epidemiological characterization of measles cases
Measles cases were reported in all 12 months, and the
majority were concentrated between March and June of 2009
and 2010: this was similar to the distribution of cases in 2005–
2008 [12]. However, unlike in 2005–2008, there were no
peaks of measles cases in December during 2009–2010
(Fig. 1b). The incidence of measles was >1/100 000 in 25
and 16 provinces in 2009 and 2010, respectively, wheras it was
>1/100 000 in 28 and 30 provinces in 2007 and 2008,
respectively. Six of 31 provinces reached one of the indicators
of measles elimination, an incidence <0.1/100 000, in 2010
(Fig. 2).
The proportion of measles cases in the population targeted
by vaccination (1–14-year age group) decreased during 2007–
2010 in most of the provinces after the provinces conducted
SIAs in 2004–2009, with most of the vaccination occurring in
2008 and 2009. However, low vaccine coverage in the targeted
population (1–14-year age group) was still a major problem in
some western areas in 2009 and 2010, which had a high
incidence of disease (Tibet, Sichuan and Gansu provinces;
Fig. 2). Some coastal and eastern provinces had relatively more
adult cases (>14 years) and infant cases (<1 year; Fig. 2), and
>60% of measles cases were in adults or infants during 2009
and 2010. This represents a substantial challenge for measles
elimination in China, as these age groups are not targeted for
immunization.
FIG. 1. Reported measles cases in mainland China. (a) Reported
measles cases in China by year of onset during 2004–2010, as reported
by the National Notiﬁable Disease Reporting System (NNDRS). (b)
Reported measles cases in mainland China by month of onset during
2005–2010, as reported by the NNDRS.
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Genetic characterization of measles viruses
A total of 567 strains were obtained from 27 of 31 provinces in
China between 2009 and 2010 (Table 1). Two hundred and
eighty-four strains were obtained in 2009, and 283 strains
were obtained in 2010. In 2010, 267 strains were collected
before the nationwide SIAs, and 16 strains were collected after
the campaigns. The N-450 nucleotide sequences from the 567
strains in this study were compared with those of the 24
WHO reference strains. With the exception of two vac-
cine-associated cases, one genotype D4 strain, two geno-
type D9 strains, and four genotype D11 strains, the strains
(558) were genotype H1 and members of cluster H1a
(Table 1). The genotype assignments were supported by high
bootstrap scores (Fig. 3a,b), and distributed in 27 of 31
provinces in mainland China (Fig. 4). All strains were named
according to the WHO nomenclature for measles viruses [19].
The changed transmission pattern of endemic genotype H1
measles viruses following the SIAs
All 558 genotype H1 sequences from 2009 and 2010 were
included to construct a phylogenetic tree (Fig 5a). Viruses in the
same transmission chain have identical or nearly identical N-450
sequences [20]. For this report, a transmission chain is deﬁned
as viruses with identical N-450 sequences. Most of the
transmission chains detected in 2009 strains were not detected
in 2010, except for three transmission chains shown in the green
box parts of Fig. 5a. Three provinces—Liaoning, Jiangsu, and
Ningxia—conducted SIAs during 2009. The province-wide SIAs
conducted in Jiangsu and Ningxia provinces targeted the
population aged 8 months to 14 years and the population aged
8 months to 6 years, respectively. The coverage rates were
97.18% and 98.92%, and 567 732 and 9 679 489 children were
immunized, in Jiangsu and Ningxia provinces, respectively. In
Liaoning province, the SIAs covered eight prefecture cities, and
the target population was aged 8 months to 14 years. The
coverage rate was 93.06%, with 6 888 753 children being
immunized. The SIAs appeared to have affected transmission of
the endemic strains in these three provinces (Fig. 5b–d). In
Ningxia province, the number of reported cases decreased from
659 to 88, representing a decrease in incidence from 10.89/
100 000 to 1.41/100 000 population during 2009–2010. The
transmission of endemic strains was not detected in 2010 after
the province-wide SIA conducted in 2009. In Liaoning province,
the number of reported cases decreased from 3107 to 415,
representing a decrease in incidence of 7.2/100 000 to 0.96/
100 000 population during 2009–2010, and nine of ten
FIG. 2. Geographical distribution and proportion of measles cases by age group and province in mainland China, 2004–2009, as reported by the
National Notiﬁable Disease Reporting System.
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transmission chains were not detected in 2010; the one
transmission chain detected is highlighted in the box in Fig. 5b.
Similar evidence was obtained from Jiangsu province; the
number of reported cases decreased from 5202 to 748,
representing a decrease in incidence of 6.78/100 000 to 0.97/
100 000 population during 2009–2010. Only two of 24 trans-
mission chains were detected in 2010.
There were some changes in the transmission patterns of
endemic genotype H1 strains in China following the decrease
in measles incidence. Individual phylogenetic trees showing
strains from each year from 2008 to 2010 were constructed to
determine the number of transmission chains present in each
year (data not shown). At least 87 transmission chains were
identiﬁed in 2008. Following the dramatic decrease in measles
incidence in 2009, the number of transmission chains dropped
to 62, and it dropped again to 49 in 2010. Strains detected
after the SIA had less overall genetic diversity than strains
detected before these enhanced control measures were
initiated.
Discussion
China’s measles elimination goal is consistent with the WHO
WPR’s goal of eliminating measles by 2012. To achieve this
commitment, based on the routine immunization programme,
27 provinces in mainland China conducted unsynchronized
province-speciﬁc measles SIAs covering the 8-month to
14-year age groups during 2004–2009, among which the
activities in most provinces (17 provinces) were conducted
during 2008–2009. Of a target population estimated to
comprise 189.8 million children and adolescents, 185.7 million
were vaccinated through province-speciﬁc SIAs (reported
coverage, 93.1–99.9%; median, 97.9%) [21]. The incidence of
measles in the whole country reached the lowest level
historically in 2010, showing the impact of these province-spe-
ciﬁc SIAs. In September 2010, a synchronized nationwide SIA
was launched, and >100 million children were immunized
within 10 days. As compared with 2010, the reported
incidence (0.76/100 000) decreased by 74% in 2011. Measles
incidence decreased in all age groups in 2011, especially for the
1–14-year age group, which was targeted by the campaigns. Of
course, it is very important and necessary to improve routine
immunization of each birth cohort to reduce the accumulation
of susceptible individuals in the population and to maintain a
low incidence of measles.
After 8 years of decreases, the reported number of measles
cases in the world remained stable in 2009 and increased in
2010 [22]. In contrast, the reported number of measles cases
in China has decreased continuously since 2008 [21,23].
During 2008–2010, the number of reported measles cases
decreased by 70%, from 131 441 to 38 159. It suggested that
China has made substantial and rapid progress towards the
elimination of measles, but there are still major challenges in
achieving the goal of measles elimination. In 2010, the <1-year
age group (50.64%) and the >15-year age group (31%)
accounted for >80% of the total cases. The low coverage of
measles vaccination between 8 and 12 months in some
counties might be one of the key factors in young infant cases
[24]. During 2005–2010, the reported routine vaccine
coverage rate was >95%, but this is quite different from the
estimated actual coverage of <90% [25]). Therefore, it is very
important to strengthen routine immunization to improve the
timeliness of vaccination for both the ﬁrst and second doses.
The successful experience in Brazil and Peru suggested that the
number of adult cases could be controlled and decreased
sufﬁciently by immunization of children aged <15 years [26].
The SIAs conducted in China covered the <15-year age group,
however SIAs covered adolescents and adults has been
adopted by some countries in regions of the Americas [27].
Six of 31 provinces reached one of the indicators of measles
elimination in 2010, an incidence of <0.1/100 000, and there
were no cases reported in 33% (945/2862) of counties
throughout China. These data indicate that the epidemiology
of measles is changing from widespread prevalence to more
limited, focal outbreaks. The experience fromWHO Region of
the Americas showed that, as the region progressed towards
elimination, measles epidemics were usually concentrated in
TABLE 1. Measles genotyping results by year and province
during 2009–2010
Province No. of isolates H1a Other genotypes
Anhui 3 (2009) 3
Beijing 14 (2009), 19 (2010) 33
Chongqing 6 (2009), 1 (2010) 7
Gansu 1 (2009), 13 (2010) 14
Guizhou 2 (2009), 2 (2010) 4
Hainan 1 (2009), 1 (2010) 2
Hebei 17 (2009), 30 (2010) 47
Henan 35 (2009), 42 (2010) 77
Heilongjiang 33 (2009), 46 (2010) 79
Hubei 2 (2009), 2 (2010) 4
Hunan 4 (2009), 3 (2010) 7
Jiangsu 63 (2009), 14 (2010) 77
Jiangxi 2 (2009), 2 (2010) 4
Liaoning 32 (2009), 14 (2010) 46
Inner Mongolia 3 (2009), 6 (2010) 9
Ningxia 29 (2009), 5 (2010) 33 1D9
Qinghai 2 (2009), 3 (2010) 5
Sichuan 2 (2009), 9 (2010) 9 1VAC, 1D9
Shandong 4 (2009), 14 (2010) 18
Shanghai 9 (2009), 3 (2010) 12
Shanxi 1 (2009), 10 (2010) 10 1D4
Tianjin 1 (2009), 36 (2010) 37
Yunnan 1 (2009), 4 (2010) 1 1VAC, 4D11
Zhejiang 1 (2009), 4 (2010) 5
Fujian 1 (2009) 1
Guangdong 5 (2009) 5
Jilin 9 (2009) 9
Total 566: 283 (2009),
283 (2010)
557Ha 2VAC, 1D4, 2D9, 4D11
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FIG. 3. Phylogenetic analysis of sequences of Chinese measles viruses, compared with the WHO reference sequences by use of MEGA 5.03
software and the neighbour-joining method (1000 bootstraps). Trees are based on N-450. Viruses were named according to WHO standard
nomenclature [39]. Dots indicate the Chinese sequences in this study. The large phylogenetic tree was compressed to ﬁt the page. Identical
sequences from the same province are given a single name, with the number of identical sequences in parentheses after the WHO name. Identical
sequences from different provinces are indicated in parentheses after the modiﬁed WHO name, e.g. MVi/Province/CHN/2010/H1a(Province:
HaiN-1SD-1), which indicates that there are two identical sequences, one from Hainan province, and one from Shandong province). (a) Phylogenetic
tree of 284 virus sequences detected in China in 2009 compared with the WHO reference sequence for each genotype. (b) Phylogenetic tree of 283
virus sequences detected in China during 2010 compared with the WHO reference sequences for each genotype.
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areas with poor implementation of the vaccination strategy,
such as the measles outbreak that occurred in Sao Paulo in
Brazil in 1997, and the measles outbreak in Venezuela [28–31].
It is important to note that nosocomial infections are now
important risk factors for measles epidemics in China [32,33].
To achieve the goal of measles elimination, China needs to
improve the investigation of and response to measles
outbreaks, and to strengthen the management of nosocomial
infection [32,33].
In this study, we analysed 558 genotype H1 (cluster H1a)
strains that were distributed throughout 27 provinces in
mainland China during 2009–2010. Genotype D4 was found in
Shanxi province in 2009, and was associated with an imported
case from France [34]. Genotype D9 was identiﬁed in Sichuan
FIG. 3. (continued)
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and Ningxia provinces in 2009 and 2010, respectively. The
genotype D9 strain from 2009 was conﬁrmed to be imported
from Thailand and associated with a sporadic measles case in a
tour guide in Sichuan province [35]. On the basis of the
phylogenetic analysis, the genotype D9 strain found in Ningxia
province in 2010 had a high level of homology with a
contemporary strain circulating in the UK; however, it was
of a different lineage and presumably in a different transmission
chain from the 2009 Sichuan strain. The source of the
genotype D9 strain in Sichuan province was not identiﬁed.
Two genotype D11 strains were obtained from Yunnan
province in 2009, and investigation conﬁrmed that these
genotype D11 strains were associated with a measles out-
break (16 local cases) occurring in Menglian county, which
borders Myanmar [36]. Two additional genotype D11 strains
were identiﬁed in Menglian county in 2010; however, they
were associated with two sporadic Burmese cases who came
to Yunnan province to visit a doctor from Myanmar. Emer-
gency vaccination was conducted in Menglian county in 2009,
and a 95% vaccination coverage rate was maintained in Yunnan
province during 2010. Therefore, increased immunity of the
local population prevented the spread of imported geno-
type D11 strains in Yunnan province.
One of the important roles of molecular epidemiological
studies of measles virus is providing a means to conﬁrm the
sources of viruses or suggest a source for unknown-source
cases, as well as to establish links to trace transmission
pathways [17,37,38]. Since 1998, the WHO has recommended
sequencing of the N-450 region as the minimal amount of data
required for measles virus genotyping [39]. However, with
improved virus control, and as the genetic variability of N-450
decreases, it may be difﬁcult to determine the origin of a virus
by sequence analysis of N-450 alone. The sequence window
may have to be enlarged to provide a more sensitive means to
determine the transmission pathways of the virus at the
measles elimination stage.
Virological surveillance is most beneﬁcial when there is
continuous high-quality surveillance and it is possible to
observe the change in viral lineages over time in a country
[12]. As this information can help to document the interruption
FIG. 4. Geographical distribution of measles virus genotypes in mainland China. The provinces where the viruses of the indicated genotypes were
found are highlighted in grey. The location within each province is not indicated.
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of transmission of measles virus, virological surveillance can
provide an important method to assess the effectiveness of
vaccination programmes. We have been studying the molecular
epidemiology of measles virus circulating in China since the
1990s [8–12], and provided a comprehensive genetic baseline
before virus elimination in the WPR was initiated. In this study,
analysis of N-450 sequences suggested that the overall genetic
diversity of the recent genotype H1 strains was decreasing.
The lower genetic diversity of genotype H1 strains could be
the result of the enhanced vaccination programmes that
have reduced the co-circulation of endemic genotype H1
strains in China. In this study, a total of 284 strains were
obtained in 2009. In 2010, 283 strains were collected, with 267
being collected before the nationwide SIAs and 16 being
collected after the campaigns. According to our analysis of the
sequence data, most of the transmission chains appeared to
have been interrupted, and only a few chains survived
and continued to spread within limited areas after the
province-speciﬁc SIAs. We assume that the nationwide SIAs
had a similar impact; however, virological surveillance data after
2010 need to be analysed to evaluate the impact of the nation-
wide SIAs. Our preliminary analysis of data from 2011–2012
showed continuous decreases in measles incidence and the
diversity of endemic viruses circulating in China. In addition,
genotype D9 strains were associated with local measles
outbreaks and continuous circulation in Yunnan province after
multiple new importations in 2012 and 2013 (unpublished
data). Therefore, the virological surveillance data provided
additional information with which to document the success of
the SIAs. Our ﬁndings indicated that virological surveillance of
measles virus could be helpful in monitoring progress towards
measles elimination.
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